Objective: Aspiration pneumonia is thought to be caused by a decline in respiratory and swallowing function. We aimed to clarify whether the pectoralis major muscle and the rectus abdominis muscles are prognostic factors for aspiration pneumonia and to investigate the relationships between these muscles and nutritional status, swallowing function and sarcopenia, Methods: Medical records of 139 Japanese patients hospitalized for aspiration pneumonia between December 2010 and December 2014 were reviewed retrospectively. The volume and thickness of the pectoralis major muscle, the crosssectional area and thickness of the rectus abdominis muscles, and cross-sectional area of the psoas major muscle were measured using computed tomography. Swallowing function, nutritional status, activities of daily living, and prognosis also were evaluated. Results: The volume [Median: (left) 
Introduction
Aspiration pneumonia is a cause of death in the elderly, and an important reason behind patients bedridden. Dysphagia is a cause of aspiration pneumonia, and can affect sarcopenia in the elderly. Sarcopenia is narrowly defined as the loss of muscle mass with aging, and more broadly as a loss of muscle mass with aging, activity, nutrition, and disease [1] [2] [3] [4] . This reduction of muscle mass occurs systemically, including the respiratory muscles [5] - [11] . Aspiration pneumonia is thought to be caused by a decline in respiratory and swallowing functions. In the process of aspiration, coughing acts as a preventative function by expectorating irritants from the surface of the trachea. Coughing is also involved in the maintenance of respiratory function. Hence, healthy respiratory muscles may provide protection against aspiration pneumonia.
Many previous studies have suggested a relationship between the area of the psoas major muscle and prognosis in patients with malignant tumors [12] [13] [14] [15] . These studies suggest that muscle mass may be a prognostic factor in certain diseases. The respiratory muscles include the diaphragm, intercostal muscle, the rectus abdominis muscle, oblique muscle group, and others. Many of these muscles have small capacity, which may vary considerably due to the slice planes of their positions. In this study, we evaluated the respiratory muscles using chest and abdominal computed tomography (CT), and examined their relationship with prognosis in elderly patients with aspiration pneumonia. The pectoralis major muscle and rectus abdominis muscle, which are easily identified on chest and abdominal CT, were targeted. Furthermore, the area of the psoas major muscle was measured, as it has been used as a prognostic factor in previous studies investigating patients with aspiration pneumonia.
The purpose of this study was to clarify whether the pectoralis major muscle and rectus abdominis muscle are prognostic factors for aspiration pneumonia and to investigate the relationships between these muscles and nutritional status, swallowing function, and sarcopenia, Furthermore, we examined the difference in prognosis between patients with aspiration pneumonia as a primary or coexisting disease.
Methods

Subjects
The medical records of 138 patients living in Japan and hospitalized for aspira- 
Muscle Measurements
CT (Toshiba Co., Ltd.; Aquilion) was used to calculate the volume and thickness of each muscle. The CT images were manipulated on a picture archiving and communication system (AstroStage Co., Ltd.; Nazca), and area was measured by tracing each contour of the muscle as a region of interest (ROI). The origin of the pectoralis major muscle was the anterior surface of the medial half of the clavicle, sternum, anterior surface of the rib cartilage (second to seventh ribs), and rectus sheath. Therefore, the volume of the pectoralis major muscle was measured using a cross-sectional area from the clavicle to the seventh costal cartilage, and the sum of the cross-sectional areas and slice width were calculated as the assessed value (Figure 1 Thickness of the pectoralis major muscle was measured at the largest part of the bronchus (Figure 1(b) ). Cross-sectional area and thickness of the rectus abdominis muscle were measured on abdominal CT images at the level of the navel (Figure 1(c) ). The cross-sectional area was calculated by tracing the contour of the right and left rectus abdominis muscle as the ROI, while thickness was measured at the maximum width. The cross-sectional area of the psoas major muscle was measured on transverse CT images at the iliac crest level ( Figure 2 ).
All measurements of the pectoralis major muscle, rectus abdominis muscle, and psoas major muscle were performed on the left and right sides.
Nutritional Status
Albumin levels were assessed from patients' serum. The Mini-Nutritional As- 
Swallowing Function
The swallowing function was evaluated using the Functional Oral Intake Scale (FOIS) [19] . The FOIS is graded as follows: level 7, total oral diet with no restrictions; level 6, total oral diet with multiple consistencies without special preparation, but with specific food limitations; level 5, total oral diet with multiple consistencies, but requiring special preparation or compensations; level 4, total oral diet of a single consistency; level 3, tube dependent with consistent oral intake of food or liquid; level 2, tube dependent with minimal attempts of food or liquid;
and level 1, no oral intake. 
Activities of Daily Living
Activities of daily living were evaluated at admission using the Barthel Index (BI) [20] . The BI determines the independent level of activities of daily living from 10 items, including feeding, grooming, bathing, dressing, bowel and bladder care, and toilet use.
Prognosis
Primary disease, medical history, number of hospitalization, and the prognosis at the time of hospital discharge were investigated from patients' medical records.
Statistical Analysis
All statistical analyses were performed using SPSS version 23 (IBM Corporation).
1) All subjects
The associations between volume and thickness of the pectoralis major muscle, mm) on the right. In the primary disease group, 47 subjects had a history of cerebrovascular disease (Figure 3(a) ).
Results
Baseline Characteristics
In the coexisting disease group, the median age was 81 years (range, 74.5 -86 years). The median volume of the pectoralis major muscle was 5700. Table 2 shows the correlation coefficients of the variables. Prognosis was significantly correlated with volume and thickness of the pectoralis major muscle (left and right), cross-sectional area of the right rectus abdominis muscles, 2) Prognostic factors Table 3 shows the comparisons of variables between the prognosis groups.
All Subjects
1) Correlation coefficients
The volume and thickness of the pectoralis major muscle (left and right) and the thickness of the rectus abdominis muscle were significantly larger, while MNA-SF and FOIS scores were significantly higher in the patients who survived compared to those who did not.
K. Sakaguchi, S. Hara Table 4 shows the comparisons of variables between the disease groups. The volume and thickness of the pectoralis major muscle (left and right) and the cross-sectional area of the psoas major muscle (left and right) were significantly larger, while albumin levels, MNA-SF scores, and FOIS scores were significantly higher in the coexisting disease group than in the primary disease group. In addition, the number of days of hospitalization was significantly higher in the coexisting disease group than in the primary disease group. Table 5 shows the comparisons of variables between prognosis groups in each disease group, respectively. In the primary disease group, the volume and thickness of the pectoralis major muscle (left and right) were significantly larger, while albumin levels and MNA-SF scores were significantly higher in patients who survived compared to those who died. In the coexisting disease group, the thickness of the left pectoralis major muscle was significantly larger and FOIS scores were significantly higher in patients who survived compared to those who did not.
Primary versus Coexisting Disease
1) Comparison between disease groups
2) Prognostic factors
3) Cerebrovascular disease history in the primary group Table 6 shows the comparisons of variables between prognosis groups in the cerebrovascular disease history group and the non-cerebrovascular disease history group, respectively. In the cerebrovascular disease history group, the volume of the pectoralis major muscle (left and right) was significantly larger, while age was significantly lower in patients who survived compared to those who did not. In the non-cerebrovascular disease history group, the thickness of the pectoralis major muscle (left and right) and the thickness of the left rectus abdominis muscle were significantly larger, whilst albumin levels and MNA-SF scores were significantly higher in patients who survived compared to those who did not.
4)
Grouping by original disease in coexisting disease group Table 7 shows the comparisons of variables between prognosis groups divided according to the original disease. Both the cerebrovascular disease group and the internal disease group showed significant differences in FOIS scores for patients who survived and those who did not. Additionally, in the orthopedic disease group, FOIS scores tended to have a higher median in patients who survived 
Discussion
We investigated whether the capacity of the pectoralis major muscle and rectus abdominis muscle were prognostic factors for aspiration pneumonia. In all patients, prognosis was associated with the volume and thickness of the pectoralis major muscle (left and right), the thickness of the right rectus abdominis muscle, MNA-SF score, and FOIS score. In the primary disease group, the capacity of the pectoralis major muscle (volume and thickness) was the most relevant factor for prognosis, whereas FOIS score was most relevant in the coexisting disease group.
Furthermore, between the primary and coexisting disease groups, there were significant differences in volume of the pectoralis major muscle (left and right), thickness of the left pectoralis major muscle, cross-sectional area of the psoas major muscle (left and right), nutritional status, swallowing function, number of days of hospitalization, and age. These results suggested the potential presence of sarcopenia in the primary disease group.
In this study, muscle mass and nutritional status were found to be related to prognosis in patients with aspiration pneumonia. Ebihara et al. [21] reported that the patient's cough power after aspiration is related to prognosis in patients with aspiration pneumonia. Moreover, in a previous study on prognosis of community-acquired pneumonia in the elderly, the variable most relevant to prognosis was nutritional status [22] . In the present study, prognosis in patients with aspiration pneumonia was related to the pectoralis major muscle and the rectus abdominis muscle, which are involved in cough and nutritional status.
Potential sarcopenia in the primary disease group was prominent, especially since capacity of the pectoralis major muscle was most relevant to prognosis. For the psoas major muscle, a significant difference was observed between the primary and the coexisting disease groups, but a relationship with prognosis was not observed within all subjects, the primary disease group, or the coexisting disease group. These results suggest that the pectoralis major muscle may be a more suitable prognostic factor for aspiration pneumonia.
Muscle mass, nutritional status, swallowing function, number of days of hospitalization, and age were significantly different between the primary and coexisting disease groups. The greater number of days of hospitalization in the coexisting disease group was considered to be due to the occurrence of aspiration pneumonia during treatment for other diseases. However, the effects of potential sarcopenia in the primary disease group should also be considered [27]. Sarcopenia develops from aging and malnutrition due to decreased swallowing function, resulting in decreased muscle mass and degeneration of muscle fibers, which are related to decrease coughing power [28] . Furthermore, presbyphagia [29] [30] [31] , or age-related changes in swallowing function, may also have had an influence in the primary disease group. In the coexisting disease group, the FOIS score was the most relevant factor for prognosis. We suggest that many primary diseases can induce aspiration pneumonia. Our results
showed that evaluation of swallowing function was the most important factor for prognosis in the coexisting disease group. Swallowing function was most related to prognosis in the analysis of each original disease within the coexisting disease K. Sakaguchi, S. Hara group.
Thickness of the pectoralis major muscle was determined to be an independent factor for prognosis in the primary disease group. The percentage of domestic handedness in the Japanese population is 90.5% right-handed, 4.2% double dominant, and 5.3% left-handed [32] . In our study, there were many right-handed patients, so handedness may have influenced the difference in pectoralis major muscle thickness. Moreover, with regard to sarcopenia in the primary disease group, it is suggested that decreased muscle capacity on the dominant side may have affected prognosis. However, we did not evaluate the difference in lateral muscle strength, including grip and arm strength. Further studies are needed to investigate the associations between lateral muscle strength, pectoralis major muscle volume, sarcopenia, and aspiration pneumonia in the elderly.
In primary disease group, notice to Sarcopenia and to improve malnutrition earlier is required. Our study suggests prophylaxis of sarcopenia before hospitalization leads to a good prognosis in aspiration pneumonia. In addition, in coexisting disease group, it should be noticed that swallowing function. It is suggested that early evaluation and training of swallowing function leads to a good prognosis. Furthermore, in elderly people, nutritional status was also evaluated;
it is required to improve malnutrition if necessary.
Our study had several limitations. First, the sample size was small, and we did not perform physical examinations, such as skeletal muscle mass measurement, grip strength measurement, and the timed up and go test, which are required for diagnosis of sarcopenia [2] [3] [4] [33] . Moreover, respiratory function tests, such as blood gas analysis, are necessary to explain the association between respiratory function and thickness or volume of the pectoralis major muscle. Further studies are needed to clarify the associations between each additional variable and to perform comparisons of the studied variables between patients with aspiration pneumonia and healthy elderly subjects.
Conclusion
It is suggested that in elderly patients with aspiration pneumonia as the primary disease, the capacity of the pectoralis major muscle may predict prognosis. In addition, it is conceivable that in patients with aspiration pneumonia as a coexisting disease, swallowing function can be used to predict prognosis.
